Introduction: Increased demand for expensive intensive care unit (ICU) services may contribute to rising health-care costs. A focus on appropriate use may offer a clinically meaningful way of finding the balance. We aimed to determine the extent and characteristics of perceived inappropriate treatment among ICU doctors and nurses, defined as an imbalance between the amount or intensity of treatments being provided and the patient's expected prognosis or wishes.
Introduction
Americans frequently die in intensive care units (ICUs), despite surveys showing that for many this would not be their wish [1] [2] [3] . Health-care providers in European, Canadian, and US ICUs acknowledge that they sometimes provide futile treatments to patients [4] [5] [6] [7] . A survey of US ICU directors found that 46% thought that 'too much' care was provided 'sometimes or frequently' [8] . Providing futile treatment has been associated with emotional distress and burnout among providers, burdens for family members, and potentially avoidable costs [6, [9] [10] [11] [12] [13] .
Focusing on futile treatment alone may result in an overly narrow framing of the problem. Using the work of the Appropricus study as a model, we conceptualized that the treatments patients receive could be inappropriate because they were too sick (futile) or 'too well' to benefit from being in ICU or because the amount of treatment they received was mismatched to their prognosis and goals of care [14] . The term 'inappropriate' may better capture the spectrum of unwanted or unnecessary treatments. Creating appropriateness criteria for the ICU is conceptually more difficult than for well-defined surgical procedures and medical conditions because of the heterogeneity of patients. Nonetheless, better understanding of the nature of inappropriate treatment in the ICU may enable us to identify ways to reduce its occurrence.
We sought to quantify the extent and characteristics of perceived inappropriate treatment among ICU clinicians (doctors and nurses). We assessed the current level of uptake and support for recommendations about best practices for delivering end-of-life care in the ICU [15, 16] . We explored the interplay between structural (hospital and ICU level), provider (experiences, beliefs), and situational (patient, disease, family) factors in influencing decision making [17] . We elected to conduct our study in California because it ranks among the highest on the Dartmouth Atlas index of 'hospital care intensity' and because its rates of patients dying in the hospital and the ICU are well above the US average [3, 18] .
Methods

Study design and procedure
We conducted a cross-sectional study of hospitals with adult ICUs in California. We used publicly available data to identify eligible hospitals and then stratified hospitals by size, region, number of ICU beds, academic affiliation, ownership structure, and whether they were part of a health-care system (defined as more than three hospitals under a single owner) [19] . We drew a stratified random sample of 150 ICUs and oversampled larger ICUs.
For each hospital selected, we approached the chief medical officer, chief nursing officer, and chief executive officer by email or mail. For interested sites, this was followed by a discussion with the ICU nurse manager or clinical director (or both) about the study. Sites that did not respond were followed up with three repeat emails and phone calls. Each participating site identified a coordinator who was responsible for informing staff about the study and providing them unique access codes. Participation in the survey was voluntary, and respondents could elect to opt out of specific questions within the survey. The survey was open to ICU clinicians for 2 weeks at each participating hospital. The majority of sites (39) took part in the survey between 28 May and 10 June 2013; the remaining sites participated in either July (n = 14) or August (n = 3).
Developing and fielding the survey instruments
We fielded two surveys: (1) institution-level questionnaire to obtain structural characteristics of each ICU (for example, staffing numbers, availability of support services, and end-of-life practices) and (2) individuallevel questionnaire for ICU physicians and nurses on the extent and nature of inappropriate treatment and their experiences in the ICU (Additional file 1 has a copy of the survey). The authors of the Appropricus study provided us with their survey instruments, which had been developed by a panel of experts in intensive care, palliative care, and communication [9] . A number of questions that did not contribute to understanding inappropriate care in the European survey were removed. We further modified their survey instruments on the basis of a literature review, consultation with senior US intensivists, and trialing new questions on the basis of feedback from physicians and nurses working in two US ICUs. New items included the following: medico-legal claims, communication training, use of the Physician Orders for Life-Sustaining Treatment (POLST) form, responsibility to control health-care costs, the patient's expected illness trajectory, perceived degree of influence over these situations, and support for possible policy solutions to reduce the occurrence of inappropriate treatment [5, 8, [20] [21] [22] . To address recall bias, the questionnaire asked about current patients in the ICU. However, those who did not identify a current patient receiving inappropriate treatment were given the opportunity to report on 'recent patients'. We piloted both paper and web-based versions of the questions.
The ICU manager completed the ICU questionnaire by using SurveyMonkey software (SurveyMonkey Inc., Palo Alto, California, USA). The provider questionnaire was customized on Illume (version 5.1.1; DatStat, Inc., Seattle, WA, USA) software. Two sites completed the survey by using a paper version and their data were entered into the database manually.
The Kaiser Permanente Northern California (KPNC) Institutional Review Board (IRB) approved this study. Each subsequent hospital was given the option to cede to the KPNC IRB or to obtain their own internal ethics approval. Voluntary participation in the survey was treated as informed consent for individual participants.
Statistical analysis
We performed descriptive statistical analyses. The raw data were characterized as percentages or medians. We tested for differences between doctors and nurses by using a chi-square test.
Several sets of weights were developed for the analysis. Weights for ICU-level analyses were the product of sampling weights and ICU-level non-response weights. The ICU-level non-response weights were derived from a logistic regression model that estimated non-response as a function of the sampling design strata. Weights for respondent-level analyses (nurses and physicians) multiply the ICU-level weights by the ratio of staff to the number of individual respondents at the ICU. Patientlevel analyses require weights that adjust for the lengthbiased sampling of patients in the staffs' responses. Length-biased sampling is a consequence of patients with longer ICU lengths of stay having more days for the staff to observe. There are two challenges in estimating the prevalence of inappropriate treatment: the possibility that two observers are reporting on the same inappropriate event and the possibility that an inappropriate event will occur later in the patient's stay after the observer has responded to the questionnaire. We were unable to adjust for multiple observers on the same patient or future events.
All analyses used the analysis weights for the appropriate unit (ICU, staff, and patient) and adjusted the standard errors, confidence intervals (CIs), and P values for the clustering of responses within ICUs.
A multi-variable logistic regression model was constructed by using the weighted responses for ICU, hospital, and provider characteristics, and the outcome variable was 'perceived inappropriateness of treatment'. To create this model, we conducted a univariate analysis by using all possible predictors and retained the variables whose significance level was less than 0.20. A final model was created from those predictors with a significance level of 0.05 by using backward stepwise regression. The statistical analysis was performed by using Stata Statistical Software: Release 12 (StataCorp LP, College Station, TX, USA).
Results
Response rate
We drew a stratified random sample of 150 of the 347 adult hospitals with an ICU; 56 hospitals participated in the study (site response rate 38%) ( Figure 1 ). There were no statistically significant differences between participating and non-participating hospitals on the stratification variables, except that fewer for-profit and more 'systemaffiliated' hospitals participated. The main reasons that hospitals declined to participate were work burdens or leadership/staffing changes. Only six hospitals declined to participate for a lack of interest in the topic. Overall, 1,363 doctors and nurses completed surveys; mean overall response rate for providers was 50% (median 36 responses per site, interquartile range 20 to 56, 48% of full-time equivalent (FTE) nurses, 74% of FTE doctors). The characteristics of the participating hospitals, ICUs, and providers are shown in Table 1 .
Provider characteristics and opinions
The median age of participating providers was 42. Consistent with staffing patterns, substantially more nurses (85%) than doctors (15%) participated. Only 32% reported that they had received any formal training in talking with families about end-of-life care. Most respondents (77%) had used a POLST form and the majority found this useful. Nurses were more likely than doctors to feel overworked (38% versus 28%, P = 0.006) and have thought about leaving their job (36% versus 22%, P = 0.000) (Additional file 2: Table S1 ). Doctors were more likely to worry about being sued, and 40% reported being involved in a prior medico-legal claim. Although most providers thought the work environment was collaborative, doctors had a more favourable view than nurses (91% versus 73%, P = 0.000). Two thirds (66%) of providers reported that nurses participated routinely in family discussions. Overall, there was limited support for the statement that 'the ICU is the best place to provide a good death' but nurses were more likely than doctors to agree (26% versus 8%, P = 0.000). Both doctors and nurses agreed that they had a responsibility to help control health-care costs (75%), but they also felt that it was a physician's duty to offer a medical intervention to a patient, no matter how small the chance might be that it would help the patient (55%).
Perceived inappropriateness of care
Four hundred forty-seven of the 1,169 clinicians who answered this question (38% overall; 95% CI 35% to 41%: 51.1% of physicians and 35.8% of nurses, P = 0.000) identified one or more patients that were receiving inappropriate treatment on the day they completed the survey (Table 2 ). Doctors were responsible for a median of six patients, and nurses were providing care to a median of two patients.
The characteristics of the patients identified as receiving inappropriate treatment are shown in Table 3 . Patients who were 66 years and older, in the ICU less than 7 days, admitted for sepsis, unable to care for themselves prior to ICU admission, and had one or more moderate to severe comorbidities were more likely to be perceived as receiving inappropriate treatment. Only 61% of patients who were judged to be receiving inappropriate treatment had a family meeting. Advance directives were available for 27% of patients at admission (57% of patients who were unable to care for themselves prior to admission and 59% of patients with dementia). When estimating the patients' illness trajectory, clinicians felt that 49% of patients would be unlikely to survive to hospital discharge despite treatment.
Reasons for inappropriate treatment
Among providers who identified a patient as receiving inappropriate treatment, 63% reported that the ICU was not an appropriate setting for the patient. The amount of treatment delivered was perceived to be disproportionate to the patient's situation by 76% of respondents (Table 2) , and 93% reported that 'too much' treatment was provided. The treatments that constituted excessive care included imaging studies (64%), surgical procedures (39%), high-cost medications (58%), and diagnostic procedures (44%). Although prognostic uncertainty (54%), fear of litigation (57%), and unknown patient wishes (62%) were all factors that contributed to the provision of inappropriate treatment, the vast majority (80%) reported that it was the result of the family or patient requesting this treatment. Communication at all levels was problematic: between the family and the ICU team (48%) and between the ICU team and the primary care provider (36.7%); 30.5% reported that the primary care team did not want to be involved in decision making. Only 27% of patients identified as receiving inappropriate treatment had an advanced directive available on admission to the ICU. Family meetings had occurred for only 61% of patients whose treatment was rated as inappropriate. Nonetheless, 80% of clinicians felt that much of the inappropriate treatment was generated by family request and 52.6% by requests from the primary care team.
Consequences of inappropriate treatment for providers
About half (51%) of respondents reported that they found situations involving inappropriate treatment distressing (quite, very, or extremely) (nurses 52% versus doctors 48%). Most (68%) did not believe they had the ability to influence or change the situation (nurses 73%, doctors 47%, P = 0.000). As a result, 22% of doctors and 52% of nurses reported that they had never or only rarely attempted to intervene (P = 0.000).
Factors associated with perceived inappropriate treatment
Multivariate analysis showed that providers who worked in an ICU where death was seen as a failure had higher odds (odds ratio (OR) 5.75, 95% CI 2.28 to 14.53) of perceiving inappropriate treatment in their unit (Additional file 2: Table S2 ). Doctors were more likely than nurses to perceive care as inappropriate (OR 2.5, 95% CI 1.58 to 3.97). Lack of collaboration between doctors and nurses was associated with a higher incidence of perceived inappropriate treatment (OR 1.84, 95% CI 1.21 to 2.80). In addition, there was an association between perceived inappropriate treatment and the provider's intent to leave their job (OR 1.73, 95% CI 1.18 to 2.55) and the provider's belief that they should help control health-care costs (OR 1.57, 95% CI 1.05 to 2.33).
Possible solutions to improve these situations
Respondents were asked to rate a variety of possible solutions to reduce the provision of inappropriate treatment (Table 4 ). The greatest support was for formal communication training (90%) and for mandatory family meetings when a patient had stayed in the ICU for more than 72 hours (89%). Currently, neither of these practices is widespread (28% of ICUs had mandatory family meetings at 72 hours, and only 32% of providers had received communication training).
Discussion
Overall, 38.2% of California ICU providers reported that at least one patient was receiving inappropriate treatment on the day of the survey. This is 11 percentage points higher than reported in the Appropricus study (27%) [9] .
Providers endorsed a variety of factors that have previously been associated with inappropriate treatment, such as prognostic uncertainty, fear of litigation, communication issues between the medical teams and family, and unknown patient wishes [5, 23, 24] . Since disagreements about the appropriateness of treatment are likely to be the result of differing perceptions of prognosis or differing emotions or values (religious or personal), a family meeting is a first step to resolving this conflict [25, 26] . The two measures most strongly supported by providers to improve appropriateness of treatment in the ICU were formal communication training and making family meetings a routine process in their units, neither of which was in widespread practice. Future research should evaluate the effect of routine family meetings and communication training for doctors and nurses on appropriateness [27, 28] . Although the availability of ethics services, inpatient palliative care, and team-based multidisciplinary rounds was high, these services by themselves have not eliminated inappropriate treatment. Similarly, the size and type of ICU did not appear to alter the occurrence of inappropriate treatment. Instead, the predictors of perceived inappropriate treatment were more 'cultural'-a lack of collaboration among doctors and nurses and whether there was a sense that the unit perceived 'death as a failure'. Doctors were more likely than nurses to identify patients receiving 'inappropriate care' , perhaps because doctors were less likely to think that the ICU was the best place to provide a good death. Other authors have shown that nurses have more pessimistic attitudes than doctors in predictions about outcomes, the collaborative environment, and teamwork [29] [30] [31] [32] [33] . These disagreements may undermine the efforts of the health-care team to present a unified approach to the family. Collaboration could be enhanced by including nurses in family meetings and having pre-conference 'huddles' [29, 34, 35] .
A recent commentary sought to re-characterise futile care in the ICU as potentially inappropriate treatment [14] . We found that 49% of the patients identified as receiving inappropriate treatment were predicted to die in the hospital despite treatment. Among the 51% of patients rated as receiving inappropriate care, the bundle of intensive services and staffing common to ICUs may not be warranted. Clear criteria for admission to (or discharge from) the ICU might reduce the prevalence of inappropriate use [36] . However, this is a complicated issue, as reflected by a 2008 survey showing that the majority of US academic medical ICUs do not use ICU admission and restriction guidelines as suggested by the Society of Critical Care Medicine and the American Thoracic Society [37] . Our results suggest a degree of powerlessness perceived by health-care providers in intervening in these situations. It may be that the use of admission and restriction guidelines may help to strengthen the willingness of health-care providers to intervene. In keeping with other studies, we also found an association between provider distress, burnout, and perceived inappropriate treatment [9] . However, we do not know the direction of this association (for example, burnout may result in clinicians being more likely to perceive inappropriate treatment). Our study provides an alternative solution: to focus on the almost universal support for measures to improve collaboration and communication.
Our study has several limitations that may affect the use of these results. First, we studied California hospitals only. Because California has higher-than-average rates of end-of-life care occurring in ICUs, we might have overestimated the prevalence of inappropriate treatment [3] . However, prior studies have not found a relationship between rates of utilization and appropriateness [38, 39] . Second, this was a cross-sectional study and thus may affect our prevalence results. Third, our site-level response rate was only 38%. However, participating sites were similar to non-participating sites and were generally representative of those across the state. Furthermore, although the average clinician response rate was 50%, there was no difference in the prevalence of perceived inappropriate care between sites with high or low response rates. Fourth, we could not directly assess the degree of agreement between clinicians or the possibility that multiple observers recorded the same patient. Ethics approval restrictions prevented us from collecting specific patient details to adequately assess for congruence of opinions. Fifth, we were not able to include perspectives from patients and family members, so we do not know whether they would agree with clinicians' beliefs that family members are the main drivers of inappropriate care. Finally, we did not use explicit criteria for judging the appropriateness of treatment received, but we did anchor our responses by having doctors and nurses reflect on actual patients.
Conclusions
In summary, this study shows that doctors and nurses working in critical care frequently perceive that patients receive inappropriate treatment, and many doctors and nurses feel powerless to alter these situations. Providers endorsed routine family conferences and communication training as measures that may reduce inappropriate treatments in the ICU. Broad-scale support for these actions will facilitate their widespread implementation.
Key messages
Thirty-eight percent of respondents identified at least one patient as receiving inappropriate treatment. Of those identifying patients receiving inappropriate treatments, 93% perceived treatment to be 'too much'. 80% of clinicians felt that much of the inappropriate treatment was generated by family request. There remain significant opportunities to improve provider-patient communication and patient-family communication; only 27% of patients had an advance directive and just under two thirds of patients had had a formal family meeting. There was strong support from respondents for (a) routine family meetings for patients staying more than 72 hours and (b) formal communication training for providers for talking with families as ways to potentially reduce the provision of inappropriate treatment.
